Introduction
A number of recent studies have suggested that the changes in mesospherie water vapor and temperature may be good indicators of anthropogenic increases in carbon dioxide (COO and methane (CHn) concentrations on elimarie time scales [Thomas, 1996 and the references therein]. Water vapor has no known significant insitu source in the mesosphere, but rather is transported upwards from the stratosphere via the meridional circulation and eddy mesosphere near .01 hPa. This change shotfid be detectable in the UARS measurements of H20 from the HALOE experiment [Russell et al., 1993] , particularly near .01 hPa.
The purpose of this paper is to study the seasonal and long term changes in mesospheric water vapor associated with mesospheric dynamics, the solar cycle variation of Lyreart •, and the increasing level of methane in the atmosphere. These variations in H•O are computed with the Goddard 2-D model and are compared with changes in water vapor observed by HALOE from 1991 to 1995 [Harries et al., 1996] when the solar activity, specifically the Lyman • flux, decreased from a near maximum to a n/•ar minimum level.
The model restfits are based on simtfiations run from 1955 to the present time [Jackman et al., 1996 ] using time dependent source gas boundary conditions varied according to 
HALOE measurements of H•O
The HALOE instnunent on UARS measures the composition of the stratosphere and the mesosphere by 'measuring infrared radiation in the 2.5 to 10.0/zm region. The water-vapor is measured by a broad band filter channel at 6.6/zm [Harries et al., 1996] . HALOE is a solar occultation experiment and therefore the measurements are made only at sunrise and sunset. The latitudes of the sunrise and sunset change slowly with the drift of the UARS orbit. It takes a few weeks to build a global coverage. For this study, we have used the level 3A HALOE water vapor data (version 18) averaged in 100 degree latitude bins from 75øS to Figure 4 is due to the methane increase, with the other half due to the very small solar cycle Lyman a effect present at this level. As seen in Figure  4 , the solar effect increases rapidly with height and is the predominant source of the trend in the middle and upper mesasphere, overwhelming the much smaller -1.6% HzO increase due to methane changes.
The four year trends inferred from the HALOE HzO in Figure   4 are qualitatively similar to that of the model, increasing with height from about 10% at. 1 hPa to 41% at .01 hPa, with a 2 o error bar (95 % confidence interval) which varies from about 2% to 8%. Given the uncertainties in the data and the relatively short four year data record, it is difficult to discern the expected small mesaspheric H20 trend due to methane increases in the HALOE observations. However, one would expect that the large HzO trend in the upper mesasphere observed in the HALOE data is due primarily to the solar cycle effect, given the strong negative sensitivity of water vapor to solar Lyman a expected at these heights, and the fact that the Lyman • flux observed by UARS/SOLSTICE decreased significantly between 1992 and 1996 (see Figure 5) . Figure 4 also reveals that the modeled trends are systematically less than the observed trends by about 7% at all levels. Uncertainties in the data, and for example, in the H20 photolysis rates used in the model, may cause some of this difference. However, a greater source of discrepancy may be due to inter-annual dynamical variability which may affect the HALOE trends because of the relatively short data record. Such variability is not contained in the model since it uses climatologically based transport fields.
A further insight into the Lyman a and methane related changes in H20 on climatological time scales can be obtained from On longer time scales, the solar cycle variation of Lyman • has a strong modulating influence on the secular trend in H20 caused by the increasing level of CI-h on the surface of the earth. On the time scales of a solar cycle, the solar related changes in H20 may vary by 30-40 % near the mesopause compared to the methane related changes of about 4-5 %. The latter effect, therefore, is mostly masked by the solar cycle effect and may not be detectable even when the measurements extend over more than a solar cycle. This task is further complicated due to the lack of our understanding of dymmical processes both in the troposphere and middle atmosphere which may also contribute to long term changes in mesospheric H20. In spite of these difficulties, the long term monitoring of H20 may offer an oppommity for detecting climatic signals in the lower mesosphere where the CH4 and the solar cycle related changes are comparable.
